Weencountered two patients with abnormally low glycohemoglobin levels in spite of normal plasma glucose levels. Since the presence of an abnormal hemoglobin was suggested by high-performance liquid chromatography (HPLC), gene analysis of these two patients was conducted by single-strand conformation polymorphism (SSCP) analysis followed by direct sequencing, and Hb Kamakura with one base substitution (P3 Leu-åºVal) in the p globin gene was detected in both patients. There has been only one report of Hb Kamakurain Kanagawa Prefecture, and our patients represent the second and third cases, respectively.
Introduction
Ever since HPLCcame into use for the determination of glycohemoglobin (HbAic) in the 1980's, an increasing number of cases with abnormal hemoglobins have been detected on the basis of abnormal levels of HbAicor abnormal elution patterns. Recently, we encountered two cases with an abnormal hemoglobin (Hb Kamakura), that was noticed by abnormally low HbAic levels. We report these cases here.
Case Report Case1
A 30-year-old man. There was nothing remarkable in his past medical or family history. In March 2001, he became aware of malaise and visited our hospital to undergo screening for diabetes mellitus. Body height, 163 cm; body weight, 70 kg; blood pressure, 1 15/72 mmHg. Noanemia, icterus or other significant abnormalities were noted on physical examination. The laboratory findings were as follows: RBC 511xlO4/ |ul, Hb 15.3 g/dl, Ht 47.6%. No morphological abnormalities of the red blood cells were noted. In addition to mild hepatic function test abnormalities, an abnormally low HbAic level (2.6%) relative to the fasting plasma glucose level (94 mg/dl) was noted ( Table 1 ). The hemoglobin fractionation on HPLC revealed an abnormal peak between HbAic and HbA0as well as reduced HbAic level, which suggested the presence of some abnormal hemoglobin (Fig. 1A) .
Case2
A Isoelectric focusing conducted in Case 1 revealed an abnormal band, not seen in the normal control, cathodic to HbAo ( Fig. 2A) . The density of the abnormal band was almost the same as HbAo.In addition, the band of HbA2was not split as is seen in a-globin variants. Thus, abnormality of the P-globin chain was suspected. A similar abnormal band was also observed in Case 2, and again, abnormality of the P-globin chain was suspected (Fig. 2B ).
Subsequently, the DNAwas extracted from the white blood cells of the patients and the P-globin gene was amplified by PCR. The DNAabnormality was surveyed by singlestrand conformation polymorphism (SSCP) analysis, and abnormal bands were detected in both Case 1 and Case 2. The migrated position of the abnormal band detected in both cases was the same (Fig. 3) . Extraction of DNAfrom these abnormal bands in the 0% 15% Figure 1 . (A) HPLC in Case 1. The HbAic peak (peak Aic) was low (2.6%), and an abnormal peak was present between HbAic and HbAo (peak XI). (B) HPLCin Case 2. As in case 1, the HbAic peak (peak Aic) was low (2.5%), and an abnormal peak was present between HbAic and HbAo(peak X2).
SSCPfollowed by DNAsequencing, revealed the same onebase substitution at codon 3 of the p chain DNA((33 CTG -+GTG [Leu^Val]) in both Cases 1 and 2 (Fig. 4) . This abnormal hemoglobin was first reported (5) in 1998 and named Hb Kamakura. However, no functional properties were known. Our Hb Kamakuraexhibited a negative result for isopropanol suggesting a stable variant. Its oxygen affinity was slightly reduced compared to that of normal control hemoglobin (Fig. 5) . However, no clinical symptoms or signs, including cyanosis, were noted in either case, and arterial blood gas analysis revealed no abnormalities.
Discussion
To date, more than 700 abnormal hemoglobins have been identified in the world (1, 6). In Japan, up to the year 2000, the following 208 variants had been identified in a total of normal control has polymorphism (C/T) at codon 2, in which "C" is recognized by Hgi AI but "T" isn't, and represented as + and -, respectively. Thus, the polymorphism is shown by arrows ( + and -). The DNAfragment (double strand) is composed of sense and antisense strands. After degeneration or dissociation a pair of + or -single strand bands appear. Theabnormalband (Ab(+)) was detected in the patients at the most anodic site. Its counterpart was assigned at the most cathodic site. The polymorphismat codon 2 of the abnormal allele was found to be "+" by the subsequent sequencing. Both patients have another normal allele of -polymorphism in addition to the abnormal one. Hemoglobinopathy is symptomatic in about 30%of the cases, which consist of hemolysis by unstable hemoglobin, erythremia, cyanosis, thalassemia-like symptoms, and sickle cell disease. On the other hand, about 70%of the cases with hemoglobin variants are not associated with functional abnormalities and are asymptomatic (3). In the 1980s, HPLC came into use for the measurement of HbAic, and ever since, an increasing number of hemoglobin variants have been detected, on the basis of abnormal levels of HbAicor abnormal elution profiles (1-6). In the past, the presence of abnormal hemoglobinwas often noticed as the dissociation between the HbAic level as an indicator of blood glucose control and the levels of blood glucose or other indicators (glycoalbumin, fructosamine, 1,5-AG, etc.). In recent years, the determination of the HbAic level has been extended to a screening test for diabetes mellitus. In the future, reports of abnormal hemoglobin in non-diabetic patients, as in the present report, are expected to increase. In both of our cases, the abnormal hemoglobin was identified by DNAanalysis as Hb Kamakura (P3 Leu-*Val). Hb Kamakurais an abnormal hemoglobin that was first discovered by Harano et al in 1998, and was named after the patient's residence (Kamakura City, Kanagawa Prefecture) (5).
Thereafter, there have been no reports of this hemoglobin variant in the literature, and the present patients represent the second and third cases. To the best of our knowledge, these three patients were not related. The presence of abnormal hemoglobins are suspected in HPLCby either of the following mechanisms: the unstable hemoglobin reduces the duration of survival of red blood cells, thereby reducing the level of HbAic; some Hb variants maybecomesusceptible or resistant to the glycation as a result of the substitution of amino acid; or the isoelectric point alters, and HbAicderived from the variant does not elute at the original peak of HbAic, thereby reducing the amount of HbAic. The major peak of the abnormal Hb might even overlap with HbAic giving rise to an erroneously high HbAic level, thereby causing determination errors. Thus, both abnormally low HbAic levels, as in our cases (7) (8) (9) , and abnormally high HbAic levels (10) have been reported in the past. In such cases of abnormal hemoglobin levels, the true levels can be obtained by immuneturbidimetry, except for variants with N-terminal substitution of the P globin chain.
Therefore, immune turbidimetric assay, rather than HPLC, is recommendedfor the determination of HbAic as an indicator of the control of diabetes mellitus when the discrepancies mentioned above are encountered. Also the use of affinity methods has already been suggested because they mainly measure glycohemoglobin regardless of the glycation site and may be more useful clinically in reflecting hyperglycemic control (ll).
Hb Kamakura revealed no instability by isopropanol test. The Leu-^Val replacement, hydrophobic to hydrophobic, at
NA3does not seem to affect the molecular instability. This accounts for the double peaks for HbAic in HPLC, one derived from normal HbAand another from Hb Kamakura, are almost equal in amount.
No functional abnormality of Hb Kamakura was described in the first report (5) . The present patients exhibited slightly decreased oxygen affinity. The NA3, internal residue (12) locates in the relatively outer portion of the Hb molecule, and has no direct involvement with hemecrevice and central cavity that accommodate heme and 2,3DPG, respectively. However, the substitution of Val for Leu shortens the aliphatic side chain by a methylene residue at NA3, and might affect the association of NA3with the sterically neighboring amino acids (E2, H10, Hll) to cause subtle conformational alterations of the hemoglobin molecule toward a tight (T) form. The T form brings about decreased oxygen affinity. The cyanosis peculiar to variants with decreased oxygen affinity was not observed in our patients with Hb Kamakura. Since its reduction in the oxygen affinity examined using whole blood was slight, the actual oxygen affinity of Hb Kamakura would not have been decreased so much as to cause overt cyanosis.
